
PATHOLOGY OF TUBERCULOSIS
By Lawrence Weld Smith, M.D.,

Instructor in Pathology, Harvard Medical School,
Boston, Mass.

Introductory.
Mr. Chairman, Members of the Society,

Ladies and Gentlemen :—It is my purpose this
morning to discuss with you the more impor-
tant tuberculous lesions from a pathological
point of view. In the limited time at my dis-
posal, I cannot go into very much detail, and
shall confine myself almost entirely to the patho-
logical conditions associated with tuberculous
disease of the lungs. These pathological proc-
esses are illustrated in a series of gross and
microscopic specimens which will be passed
about, and can be examined more leisurely at
the close of the morning.
History'.

In any discussion of the pathology of tuber-
culosis, the evolutional history of the disease
is obviously of primary interest and impor-
tance. Even in the time of Hippocrates and
Celsus, the anatomical lesions of pulmonary tu-
berculosis were recognized and included under
the term "phthisis." From that time until
the latter part of the eighteenth century, little
was contributed to the morbid anatomy of the
disease.

At that time the name of Mathew Baillie
(1760-1823) stands out as of particular note.
He was the first to describe the anatomical tu-
bercle. It is a tribute to his accuracy of ob-
servation that his original description still
stands the test of time.

.Next, C. L. Bayle (1764-1826), a French
physician, contributed somewhat further to the
description of tuberculosis. In 1811, he pub-
lished a small volume describing five of its
principal forms. He was the first to describe
the so-called "granular tuberculosis" which, in
the light of later investigation, corresponds to
the acute miliary form of the disease. .

Following these men, Laennec (1781-1826)
is the next great name to be associated with the
development of our knowledge of tuberculosis.
With his invention of the stethoscope, the
clinical relationship to the pathology was es-
tablished. He was the first to suspect the unity
of the widespread difference in the anatomical
lesions, and their infectious character.

In Rokitansky (1804-1880), another concep-
tion of its unity was advanced—that of its hu-
moral nature

—

with the production from the
blood of a mother liquor termed "blastema,"
and the development of a variety of lesions due
to variations in the tissue reactions to this
substance.

With Virchow (1821-1902), the theory of
the duality of tuberculosis was developed, a

separation of the lesions of the lymphoid tissue

from those of the lung, terming the former
scrofula, and the latter catarrhal pneumonia.
For many years this dual conception of the
nature of tuberculous lesions was held.

In the meantime experimental work was ad-
vancing, and we find one of the most interest-
ing periods in the history of tuberculosis. The
names of Villemin (1865) and Cohnheim
(1838-1890) are perhaps the most familiar.
They established indubitably the infectious na-
ture of the condition by the injection of tu-
berculous material into experimental animals,
with the reproduction of the disease in them.

It only remained for Robert Koch, in 1882,
to report the discovery of the organism pro-
ducing tuberculosis, to definitely establish the
unity of the great variation in lesions caused
by the tubercle bacillus, and to stimu-
late a widespread study of their histological
pathology.

Following Koch, probably the most impor-
tant work is that of Theobald Smith, who has
contributed the greater part of our informa-
tion concerning the differentiation of bovine
from human tuberculosis.

Etiology. <

The offending organism is so well known now,
that only a very hasty summary of the more
important morphological and cultural charac-
teristics seems indicated. Suffice it to say, that
there are at least four recognized types of tu-
tercie bacilli,

—

differing chiefly in their cul-
tural properties,

—

the human, bovine, avian,
and piscene, of which the first two are of path-
ological significance in the production of tuber-
culosis in man. Of these, the human type is by
far the most common, being the responsible or-
ganism in over 90 per cent, of cases. This bacil-
lus is a slender rod, 2-4 miera in length, and
0.2-0.5 in width. It may be straight or slightly
curved. It stains with anilin dyes with some
difficulty, due to a waxy capsule, but is "acid-
fast" (resistant to decolorizing by acid alco-
hol). It stains irregularly with beading and
vacuoles. It is a relatively difficult organism
to cultivate—:is strictly aerobic, and grows best
on a medium containing glycerin. The bovine
type occurs as a somewhat thicker, shorter rod,
with the same staining reactions. It is grown
with even more difficulty than the human
type.
Pathogenesis.

The pathogenesis of tuberculosis is a complex
problem about which still rages a very consid-
erable storm. The scope of this paner does not
warrant entering into any discussion of the
problem. I merely venture to bring forward a

few of the results which careful students have
gradually collected in the past forty years.

First, there is the question of the mode of
infection. Nearly all workers are agreed now
that tuberculosis is not transmitted to the off-
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spring before birth. In other words, that with
the exception of a few rare cases of placental
tuberculosis, tuberculosis is not, strictly speak-
ing, ever congenital in origin.

The relative importance of the aerogenous
and enterogenous routes has long been one of
the most bitterly fought problems. Certain it
is, that both portals of entry may play a part,
and that neither method of inoculation is al-
ways obvious, as, particularly, in bone tuber-
culosis. The rôle of the hilus lymph-nodes is
one of the bêtes noirs in settling the dispute.
Whether tuberculosis of the bronchial lymph-
nodes is primary, or whether it is secondary to
pulmonary lesions, has not been accepted com-
pletely by either side. Autopsy statistics from
Hedren, Ghon, and others, suggest very strongly
a pulmonary focus of longer duration than the
lymph-node lesions.

Another problem which the pathogenesis
raises is that of the age incidence of tubercu-
losis. Metcalf reports figures from many ob-
servers which seem to prove that at birth the
cutaneous reaction of Von Pirquet is negative ;
at two years, there is a 10 per cent, incidence
of positive reactions, and at fifteen years, less
than 10 per cent, are negative. In other
words, by puberty, nine oat of ten children
have become infected by the tubercle bacillus.
These figures are confirmed independently by
Naegli and Reinhart, who quote an incidence of
from 93 to 96 per cent, of tuberculous lesions
in their adult series of routine hospital au-
topsies. In addition, the statistics of Hedren,
who found 199 tuberculous cases in 690 routine
children's autopsies; of Ghon, who found 184

.cases out of 644 children's autopsies; of Woll-
stein, with 178 cases of tuberculosis in 1320 au-

topsies at the Babies' Hospital; and of the
Infants' Hospital in Boston, where 40 tuber-
culous cases have occurred in the past 200 au-
topsies—all show the high incidence of infec-
tion in early life.

Gradually, however, the view that adult tu-
berculosis is the lighting up of a focus ac-
quired in infancy or childhood, seems to be be-
coming more and more generally accepted, and
the theory of reinfection, or primary infec-
tion, in adult life, is falling into greater
disrepute.

Whether the theory of aerogenous or entero-
genous inoculation is the correct solution ;
whether the organism penetrates the alveolar
epithelium or the intestinal mucosa without stim-
ulating any immediate reaction, and glandular
tuberculosis is primary; whether infection may
be by the tonsillar ring or by carious teeth;
whether the organism is of the bovine or of the
human type—all these theories, after all, make
very little difference in the end-result; in the
pathological lesions which we recognize by
clinical signs and symptoms, and by gross and
microscopic characteristics. And so we come

to a discussion of these lesions as we find them
in the human body.
Morbid Anatomy.

In a discussion of the morbid anatomy of
tuberculosis, we must first recognize the mili-
ary tubercle as the pathological unit and the
variegated appearance of tuberculous lesions in
the body as being due to the same causative
agent, affected variously by the anatomical
structure of the individual organ involved.

The reaction of the individual to the tubercle
bacillus varies so tremendously that it is diffi-
cult to describe the lesions in any satisfactory
way. The reaction may be entirely prolifera-
tive, it may be entirely inflammatory, or it
may be, as it most commonly is, a combination
of the two. Again, in bone tuberculosis, the
lesion may be, at first, largely a destructive
one before proliferative changes begin to oc-
cur. In the simple proliferative reaction, we
see perhaps the best example in the lymphoid
tissues. Of the inflammatory type of reaction,
the pneumonic exúdate is perhaps the most
striking.

The miliary tubercle itself
—

so called orig-
inally from its resemblance to a millet-seed—
is recognized as a proliferative reaction at-
tempting to remove a foreign body. The tu-
bercle bacillus, with its dense, waxy capsule, is
intensely resistant to the ordinary phagocytie
activities of polymorphonuclear leucocytes, and
attracts the large mononuclear cells, whose or-
igin is still the object of much experimental
controversy. These cells are certainly, in part,
derived from the vascular endothelium of the
immediate vicinity and migrate to the affected
area, as shown by Foot, and others, with vital
stains. The term "epithelioid" has been ap-
plied to these cells which are probably both
of endothelial and fibrous tissue origin, from
their similarity in appearance to epithelial cells.
They accumulate about the organism in such
numbers as to occlude the blood supply to the
part. They likewise tend to be arranged radi-
ally on their long axes. Certain of them may
fuse about the bacilli and form the so-called
"giant-cell" which appears as a syncytial mass
of cytoplasm containing several oval nuclei
tending to be distributed peripherally in the
cell, giving it a "horse-shoe" appearance. By
proper staining methods, the organisms are
sometimes found centrally in such a cell. Ac-
companying this cellular reaction there is
a marked deposit of fibrin throughout the
tubercle.

As the area becomes avascularized, a charac-
teristic necrosis of the tissue centrally takes
place, termed "caseation." This cheesy-like
appearance is due very largely to the fatty sub-
stances present in the phagocytie cells and the
bacterial capsules.

Next, about this central zone of caseation
there occurs a further inflammatory reaction in
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which both fibroblasta and mononuclear cells,
chiefly of endothelial origin, take part—tend-
ing to encapsulate the necrotic area. Lympho-
cytes and polynuclears wander into this zone in
varying numbers, attracted, in part, by the
necrotic tissue. They are indicative of the
chronic inflammatory character of the lesion.

Thus we have formed a definite unit which,
even without the demonstration of the organ-
ism, is sufficiently characteristic, microscop-
ically, to be diagnostic of the disease. Its cen-
tral area of caseation in which a shadowy ap-
pearance of the normal fibrous stroma persists
for a long time, a zone of proliferating young
connective tissue and mononuclear cells ar-
ranged typically in radial fashion, usually with
one or more "giant-cells," and a varying
amount of inflammatory cellular exúdate about
the periphery, presents a histological picture
unlike anything else in pathological histology.

This initial lesion may extend laterally by tu-
bercle bacilli which are carried to the periphery
of the lesion by phagocytie cells and start up
new areas of caseation which may fuse to form
a larger or "conglomerate" tubercle. In its
extension, such a lesion may erode a blood ves-
sel, a lymphatic or, in the case of the lung, a
bronchiole. Dependent somewhat upon which
system becomes involved, a new crop of tuber-
cles starts up where the bacteria lodge.

This factor is of the utmost importance in
the distribution of the new lesion; thus, in in-
volvement of a bronchus the result is an in-
halation infection and the new tuberculous foci
have a relatively peripheral distribution in the
lung—in the terminal alveoli. On the other
hand, the new tubercles which arise from a
blood stream infection tend to be equally dis-
tributed through all parts of the lung. In the
case of the lymphoid tissue, practically every
infection of the lung results in secondary in-
volvement of the hilus lymph-nodes from the
anatomical relation which these nodes bear to
the normal drainage of the lungs.
Acute Miliary.

And now we come to a pathological classifica-
tion of the tuberculous lesions of the lung. First
of all, there is the acute miliary form. This
arises by a general blood stream infection,
usually associated with generalized miliary
tuberculosis. It is particularly common in
infancy and makes up over 90 per cent, of the
fatal cases under one year of age. It is an
acute disease with no time for the formation of
the more chronic lesions. It usually arises
from the softening of a tuberculous thrombus,
or of rupture of a tuberculous lesion into a
blood vessel, or from thoracic duct involve-
ment. In the forty cases cited from the In-
fants' Hospital, it is interesting to note that
all but two cases presented acute miliary lesions.
This specimen from a child of three is a very

striking example of miliary tuberculosis (CH
A-21-3).

In such cases it is the rule to find miliary
lesions scattered through the other organs—
thus the liver, the spleen, the kidneys, the
lymph-nodes, and the meninges are particularly
prone to be involved secondarily, and we see
a fulminating type of the disease in which the
lesions have not had time to progress beyond
the miliary stage.

These miliary lesions present the general his-
tological picture just described. It often hap-
pens, however, that the original focus of infec-
tion remains a constant source of supply of or-
ganisms over a considerable period of time. So
it is not infrequent to find miliary lesions in
all stages, from the very earliest proliferative
reaction of a few endothelial cells to a late
lesion which marked caseation and conglomerate
tubercle formation. Under the microscope mili-
ary tubercles of all ages can be found with a
terminal overwhelming generalized infection in
which the organisms are found almost in col-
ony formation centrally in a new acute series
of tubercles. The immediate source of infection
in this case was the thoracic duct. Whether the
primary lesion occurred in' the lung or in the
hilus lymph-nodes was not determined, as the
lung tissue was preserved in gross.

Chronic Tuberculosis.
In the next place, we have chronic tubercu-

losis of the lungs. In this condition we find a
variety of lesions which resolve themselves
into three elements on careful histological ex-
amination— (1) miliary and conglomerate tu-
bercles; (2) tuberculous pneumonia, and (3)
cavitation from softening and abscess formation.
Associated with these, we may also find tuber-
culous thrombi, tuberculous ulcération of the
bronchi, and tuberculous lymphangitis.

Probably the best general description of these
nathological lesions is found in MacCallum's
Textbook of Pathology. I will pass around
some of the more striking illustrations from his
book. Certain of these gross specimens also are
good examples of the various stages, but un-

fortunately, by preservation, have lost some of
their color values. The attached legends are
more or less self-explanatory.
Miliary and Conglomerate Tubercles.

In the miliary and conglomerate tubercles
found in chronic pulmonary tuberculosis, the
most noteworthy point is their distribution. In-
stead of an equalized distribution, they are
found chiefly with a peripheral arrangement.
This is due to the fact that the new tubercles
as they form, originate in terminal alveoli by
inhalation, or in the smaller lymphatics, and are

not distributed by the blood stream. Again, as
a rule, these lesions show more of a prolifer-
ative and inflammatory reaction about them
—there is much more fibroblastic activity, much
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more evidence of attempted repair. Whethei
this is due to a variation in the virulence oJ
the organism or to the individual's reaction, i¡
problematical.

Microscopically, one of the most noteworthy
features of these chronic miliary and conglom
erate tubercles is the extent of the Mamma
tory reaction about them. The lymphocyte!
and polymorphonuclear leucocytes are attraetee
in relatively large numbers, the fibrous tissu(
cells are engaged in an active proliferative
process apparently organizing the fibrin whicl
is usually present in great abundance. Unlike
other processes, the repair usually occurs with
out any evidence of vascular regeneration. The
endothelial cells derived from the vessels do not
apparently, make any attempt to form new

capillaries, but occlude the vessels, thus pre
venting further dissemination of the tubercle
bacilli. Sometimes the repair is accomplished
by fibrous tissue proliferation alone, sometimes
by a deposition of calcium in the caseous ma-

terial, and sometimes actual bone formatior
may occur by a specialized reaction of the fibro-
blasts. In the lungs, the repair is most apt to
be by the activity of the fibrous tissue cells. In
the hilus lymph-nodes, with their loose struc-
ture, calcification is more common.

Tuberculous Pneumonia.
The exudative reaction which has been men-

tioned is not limited to the actual tubercle in
the lung, but extends into the alveoli, forming
a definite patch of broncho-pneumonia. This
is the second important element in the lesions of
the tubercle bacillus in chronic pulmonary tu-
berculosis—tuberculous broncho-pneumonia.

Varying with the number of foci of infec-
tion and with the virulence of the organism, the
pneumonic exúdate may occupy but a few al-
veoli, or it may involve one or more entire
lobes. It is characterized, microscopically, by
the presence of rather abundant amounts of
fibrin, serum, and large mononuclear cells of
phagocytie capacities. Varying numbers of
other inflammatory cells <— lymphocytes and
polynuclear leucocytes

—

are usually seen. As
the process develops, one of two things may oc-

cur. First, the alveolar walls may undergo ne-

crosis from an avascularization by compression
or occlusion of the capillaries by the endothelial
cells. To this condition the term caseous pneu-
monia is applied when it occurs to any consid-
erable extent. Or second, proliferation of the
connective tissue may occur. This grows into
the fibrinous exúdate from the alveolar wall and
organizes this fibrin. In such a process, large
areas of lung may be replaced by connective
tissue with resulting deformities. To this con-
dition, when at all extensive, the term "fibroid
phthisis" is often applied. Certain of these
gross specimens illustrate these two conditions
very satisfactorily.

Cavity Formation.
As the lesions of tuberculosis progress over

many months we get the third characteristic
condition occurring—that of cavity formation.
A histological study of these lesions brings out
certain rather fundamental points. In a loose
tissue like the lung, when the conglomerate tu-
bercle formation reaches a certain size, almost
invariably softening results from its case-
ous avascular condition. With this softening,
polynuclear leucocytes are attracted by the ne-
crotic tissue, and there is an actual abscess
formed. This abscess may rupture into a ves-
sel or a bronchus and cause extensive secondary
lesions. Often this abscess formation is has-
tened by some secondary pyogenie organism
 — staphylococcus, streptococcus — invading a
tubercle.

Dependent upon the number of foci of soft-
ening and their approximation to one another,
are the size and number of cavities thus
formed. They present, grossly, a shaggy, ir-
regularly outlined cavity, usually lined by a fi-
brinous exúdate, and often coursed by trabeeulae
containing remnants of blood vessels and bron-
chi. Reparative fibrous tissue proliferation
frequently accompanies such cavitation, so that
occasionally such a lung may represent actually
a less severe clinical picture than a patient
whose lung shows a much less extensive process,
but whose lesions are of a multiple distribution
and progressive in character.

Besides these two forms of pulmonary tuber-
culosis, there is a third less common lesion oc-
casionally seen. Histologically, this is charac-
terized by a peculiar gelatinous exúdate which
fills the alveoli. Inflammatory cells are sparsely
distributed through such an exúdate. It is usu-

lly associated with the involvement of one or
more lobes, and presents a clinical picture not
mlike lobar pneumonia. No very satisfactory
xplanation of this exúdate has been offered.

Pleura.
The lesions of the pleura are most frequently

an extension of the inflammatory process in the
peripheral portions of the lung tissue, and ex-
hibit essentially the same characteristics.
There is, however, a particularly fibrinous ex-

údate deposited on the surface of the pleura
which undergoes repair by the ingrowth of new
vascular endothelium and fibroblasts.
Bronchial Lymph-nodes.

In discussing pulmonary tuberculosis, the
importance of the hilus lymph-nodes must not
be overlooked. As we mentioned, in speaking
f the pathogenesis of tuberculosis, statistics

bring out the relative influence of glandular
nfection. In Ghon and Hedren's series of chil-
dren, between 93 and 100 per cent, showed both
pulmonary and lymph-node involvement, vary-
ng slightly with the age of the children. In the
Infants' Hospital series, all of the cases which
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involved the lung, showed 100% involvement
of the hilus nodes.

The lesions here are apt to be diffuse because
of the loose stroma of the glands. In their his-
tology, no inherent differences are noted, how-
ever. Repair is very often accomplished bycalcification.
Tuberculosis Elsewhere.

I have already exceeded my limited time in
this very sketchy account of the path-
ology of tuberculosis in the lungs. But
tuberculosis is by no means limited to
the lungs; it is frequently found in

.

al-
most every organ of the body; it may assume
the most bizarre forms and simulate almost any
other disease. Most commonly, however, it is
found in certain places—the pleural cavityin relation to lesions of the lung—the genito-
urinary apparatus, particularly the kidney,
ureter, Fallopian tube, endometrium, epididy.-mis and seminal vesicles, the intestinal mucosa,
the meninges, the cerebellum, the bones and
joints, especially the vertebrae (Pott's Disease)
and the hip-joint.

The histology in these cases is essentially the
same—an exudative and proliferative reaction
to the presence of the tubercle bacillus with the

formation of miliary tubercles modified by the
architecture of the organ affected. Thus in the
cerebellum the solitary tubercle—the end-result
of the reaction to a single organism—is seen,
and in the colon an extensive ulcerative process
is most frequently noted.
Experimental.

In the experimental field much work has been
done. One of the greatest points of contention
has always been that of the origin of the so-
called " epithelioid " cells. Within the past few
years the injection of vital dyes and carbon
pigment into animals, followed by inoculation
with tubercle bacilli, has led various observers
to conclude that the vascular endothelium is
the important element in the formation of these
cells. In addition to the purely morphological
studies, the entire field of serology and immun-
ology is being extensively studied. It is, per-
haps, along these lines that the solution of
therapeusis may be reached. Too much em-
phasis cannot be placed upon the importance
of continuing these intensive studies, as it is
only by such work that wè may arrive ulti-
mately at the goal.

-4-^-O-

SERUM TREATMENT OF LOBAR
PNEUMONIA

By L. W. McGuire, M.D., Boston.

The treatment of Type I lobar pneumonia
with Type I anti-pneumococcic serum has
proved to be of such definite value that it is
desired to enumerate the principal reasons why

favorable results are not always obtained; also
to report a series of cases treated with Type I
serum.

A large number of physicians are not con-
vinced of the value of the serum treatment of
pneumonia. This fact is due to several reasons.
(1) They do not employ serum early in the
disease; (2) They attempt to treat with serum
only what they consider the serious cases;(3) They do not use sufficient serum ; (4) Theydo not type the pneumonia; (5) Some use a so-
called "polyvalent serum" and not a specific
Type I serum. These factors will now be con-
sidered in detail.

I. They do not employ serum early in the
disease.

The necessity of using serum early in the dis-
ease if the best results are to be obtained has
been shown repeatedly in the various groups of
cases reported. This was strikingly noted in the
series of cases reported from the Pneumonia
Service of the Boston City Hospital.1 They had
no mortality in cases treated on the second and
third day of the disease. It is particularlydangerous to wait until a patient becomes criti-
cally ill and then start serum treatment. The
longer the treatment is delayed, the higher will
be the mortality.

II. They attempt to treat what they consider
only the serious cases.

Physicians who treat only the serious cases
of Type I pneumonia with serum cannot hopefor success. No physician can tell at what time,
a patient only moderately sick with pneumonia,will become critically so. The entire clinical
picture may change in a very short time. The
only fair way is to treat all cases of Type I
with serum in the beginning, whether they aremild or severe.

III. They do not use sufficient serum.
There is no definite limit to the quantity of

serum that can be used in a patient who is notsensitive to horse serum; 600 c.c. is the largestamount I have used for one patient. Cole2 states
that up to 1000 c.c. may be necessary, but the
amount required in the average case is 200 c.c.
or 300 c.c. The usual procedure is to repeat100 c.c. injections every 8 or 12 hours until re-
covery takes place. In many cases recoverywill promptly follow a single injection of 100 c.c.
of serum. In others, the temperature drops to
normal in a few hours, then gradually beginsto rise. Another injection of serum is thenindicated.

Before administering serum it is necessary to
determine whether or not the patient is sen-
sitive to horse serum, by carrying out appro-priate skin tests. Patients who are sensitive
must be desensitized before serum treatment canibe carried out with safety.

IV. They do not type the pneumonia.If serum therapy is to be employed, it is:absolutely imperative that all cases of lobarpneumonia be typed. Ordinarily there is suffi-cient time to send the sputum to the laboratory
\
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